Posttraumatic stress disorder (PTSD) can develop after exposure to a terrifying event. People who suffer from PTSD experience hyperarousal and avoidance, and they reexperience symptoms that provoke distress and impairment in significant life areas. Cognitive behavior programs, including exposure therapy, are currently the treatment of choice for PTSD. Although these programs are effective, there is room for improvement; utilization of exposure therapy by clinicians is low, and attrition rates are high. Application of new technologies, especially virtual reality (VR), could help to overcome these issues. Several VR programs that address PTSD already exist. This study presents preliminary data on the efficacy of a VR adaptive display called EMMA's World, as applied in the treatment of diverse trauma PTSD victims. This VR program is unique; its flexibility allows it to be used to treat patients who suffer from PTSD due to different kinds of traumatic events. Results support the utility of EMMA's World in the treatment of PTSD.
Introduction

P
osttraumatic stress disorder (PTSD) is an anxiety disorder that can develop after exposure to a terrifying event or ordeal in which serious physical harm occurred or was threatened. Traumatic events that may trigger PTSD include violent personal assaults such as rape, terrorist incidents, natural or human-caused disasters, serious accidents, or military combat. People who suffer from PTSD often relive traumatic experiences through nightmares and flashbacks, have difficulty sleeping, and feel detached or estranged; furthermore, these symptoms can be of sufficient intensity and duration to significantly impair their daily lives. Cognitive behavior programs that include exposure-based techniques are currently the treatment of choice for PTSD. The treatment program for PTSD with the most empirical support is prolonged exposure (PE), developed by Foa and Rothbaum, 1 which involves imaginal exposure to the traumatic experience.
A significant empirical base supports the efficacy of exposure therapy, and numerous meta-analyses consistently prove its utility. 2 Nevertheless, exposure therapy is underutilized in clinical settings; as Richard and Gloster 3 note, this might be due to a ''public relations'' problem for this type of treatment.
Exposure therapy has been referred as ''the cruelest cure'' 4 because it purposefully evokes distress in patients. Furthermore, Olatunji et al. 4 have raised ethical concerns about the safety, tolerability, and humaneness of exposure therapy.
Data from a study by Becker et al. 5 confirm the limited use of exposure therapy, particularly among practitioners treating patients with PTSD. For example, Foy et al. 6 reported low utilization of exposure therapy for PTSD in veterans affairs (VA) clinics, which are major centers for PTSD treatment in the United States. Richard and Gloster 3 also found that exposurebased therapies were considered fairly aversive. Patients themselves have objected to such treatment; approximately 20% to 25% of people reject in vivo exposure because they consider it too aversive to confront feared situations. 7 New technologies, especially virtual reality (VR), could help overcome these issues. In fact, in Richard and Gloster's survey, VR exposure therapy was viewed as more acceptable, helpful, and ethical than traditional exposure-based therapies. 3 There are already VR systems available for the treatment of PTSD. They are aimed at specific populations who have been victims of the same traumatic event, such as Vietnam War victims; [8] [9] September 11 victims; [10] [11] Iraq war victims; 12 and victims of motor vehicle accidents. 13 In this approach, 14 The goal is to employ virtual systems that can evoke different traumatic events in order to treat diverse trauma PTSD victims. EMMA's World is one such system; it is an adaptive and flexible VR program designed to treat emotional problems. It allows a therapist to customize clinically significant environments for each participant, which can vary according to the significance of the trauma for the individual; this is in contrast to other therapeutic VR approaches that focus on simulating the physical characteristics of the traumatic event with high realism. Rather than aiming for realism, EMMA's World employs customized symbols and personalized aspects to evoke emotional reactions in participants. This helps patients process their traumas emotionally, within a safe and protective environment. Preliminary data support the utility of EMMA's World for the treatment of stress-related disorders. 15 The current work presents the data obtained with PTSD patients.
Method
Participants
Participants were recruited from among patients who requested help at the Universitat Jaume I Emotional Disorders Clinic and at PREVI Clinical Center. The sample included in this study is a subsample from a wider study that explores the utility of new technologies in the treatment of stress-related disorders.
We established several inclusion and exclusion criteria: (a) meeting DSM-IV-TR criteria for PTSD; (b) age between 18 and 65 years; (c) for those taking medication, maintaining the type of medication and not increasing dosage during the study; (d) not having a diagnosis of psychosis or bipolar disorder; (e) not having a diagnosis of substance abuse or dependence, and (f ) not suffering from a severe physical disease.
The sample comprised 10 participants (2 males, 8 females). Sixty percent were single, 30% married, and 10% divorced. Of the sample, 50% had a university degree, 40% had a high school education, and one patient (10%) had an elementary school education. The mean duration of the PTSD was 2.5 years (SD ¼ 2.07; range 1-7 years). Only two participants (20%) presented comorbidity with other Axis I disorders (dysthymia), and one participant was diagnosed with obsessive-compulsive personality disorder. Half of the sample was taking medication.
As for the traumas reported by the participants, they were different. Two of the participants had experienced a car accident, two suffered mobbing at the workplace, one was robbed in her shop, two were assaulted in the street, and three were victims of domestic violence. All participants read and signed a consent form before being involved in the study.
Measures
Participants filled out a complete clinical assessment protocol. In this article, we report data from the measures more directly related to PTSD.
Clinician-Administered PTSD Scale (CAPS) [16] [17] . This is a clinician-rated scale aimed at exploring traumatic events and symptoms associated with the traumas. It also allows a diagnosis of PTSD following DSM-IV-TR criteria to be made. Seventeen items assess DSM-IV criteria B, C, and D. Each item is rated on a 5-point scale to determine frequency and intensity. The instrument includes questions about the onset and duration of the symptoms and about distress and impairment in functioning. The CAPS allows a global rating of the validity of the responses and the severity of PTSD to be made. A number of studies have reported good reliability (internal consistency and interrater reliability) and convergent validity. 18 There are also data about treatment sensitivity. 19 The mean score for a PTSD sample was 45.9 (SD ¼ 29.1). 20 Davidson Trauma Scale (DTS) 21 . This is a self-report scale measuring frequency and severity of PTSD symptoms. It includes 17 items corresponding to the symptoms included in the DSM-IV criteria. Each item is rated on a 5-point scale.
The instrument offers a total score as well as subscale scores for frequency and severity. Several studies offer data on the good psychometric properties of this scale, reliability (internal consistency, test-retest reliability) and validity (convergent validity and treatment sensitivity). 21, 22 The mean score for a clinical sample was 15.5 (SD ¼ 13.8). 21 Posttraumatic Cognitions Inventory (PTCI) 23 . This selfreport inventory includes 36 items that assess thoughts and beliefs related to a traumatic event. It is composed of three subscales: negative thoughts about oneself, negative thoughts about the world, and negative thoughts related to guilt. Items are rated on a 7-point scale from totally agree to totally disagree. The inventory offers a total score and a score for each subscale. The PTCI offers good internal consistency, test-retest reliability, and convergent validity. 23 In addition, factor analysis has confirmed a three-factor structure. 23 The mean score of a PTSD sample was 133 (SD ¼ 44.17).
Devices
Two PCs, a large projection screen, two projectors, a wireless pad, and a speaker system were used in this study. PC1 had the graphical outputs from its graphics card connected to two projectors with a resolution of 1024Â768 pixels and a power of 2000 lumens. They were used to project the VR environment onto a horizontal metacrilate screen of 4Â1.5 meters that was placed in the middle of the room. A wireless pad was placed on a table on the other side of the room, and the participant sat next to it. From this perspective, the participant could see the virtual environment as well as interact and navigate using the wireless pad. The therapist sat next to PC2, which was placed close to the participant. From this PC, the application and the features of the virtual environment that were shown to the participant could be controlled. In the first stages of therapy, the participant learned how to navigate and interact with the system by practicing in a neutral VR environment.
Treatment
The treatment was cognitive behavior therapy (CBT), specifically, an adaption of PE. 1 The components included in the CBT condition were education, breathing training, cog-
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nitive restructuring, in vivo exposure, and imaginal exposure. In the CBT þ EMMA condition, exposure therapy for processing the trauma was conducted using EMMA's World, a VR adaptive display. The total duration of the treatment was 9 weekly sessions (3 for the educational component, 5 for imaginal=VR exposure, and 1 for relapse prevention). Exposure sessions lasted approximately 90 minutes. In all cases, for ethical reasons, participants who needed more sessions could receive treatment for 3 additional weeks, as recommended by Foa and Rothbaum.
1 Four therapists participated in both the assessment and treatment; all were experienced in the application of CBT programs and were either doctors or Ph.D. students. All clinicians were trained in the delivery of the treatment protocols. To ensure treatment integrity and adherence to the treatment protocol, senior therapists supervised the treatment sessions by reviewing video recordings of some of the sessions.
Procedure
Individuals who requested help at the Universitat Jaume I Emotional Disorder Clinic or PREVI Clinical Center and presented PTSD symptoms were invited to participate in the study. Those who showed interest were interviewed in order to confirm the diagnosis and establish if they met the inclusion and exclusion criteria. During this interview, the psychologists explained the scope of the study and asked the individuals to read and sign the consent form. All participants included in the study signed the consent form. In the second and third interviews, a clinical assessment was completed. Participants were then randomly assigned to one of the two treatment conditions: CBT treatment versus CBT þ EMMA treatment. The treatment lasted 9 to 12 weeks; participants completed a posttreatment assessment at the conclusion.
VR condition
In this study, we used EMMA's World, a VR system designed to promote emotional processing. It was designed in a Fifth Framework Programme EU Project (IST-2001-39192-EMMA). EMMA is an adaptive display that includes elements such as EMMA's Room and the Book of Life. EMMA's room is an architectural structure with different elements. On one side, it has a virtual screen with a list of icons showing different elements that the users can manipulate: 3D objects, music, sounds, images, colors, videos and texts. These elements can be activated on different stands around the room. With the help of the therapist, patients can choose elements that best reflect their emotional states and that represent parts of the traumas. In addition, they can introduce personal items, such as pictures they can bring to the sessions.
The Book of Life is a virtual book in which patients can represent different moments, people, or situations related to the traumatic events. The book has an index and different chapters to be defined and completed by the patient. The aim is to help the patient remember the traumatic event and to process the emotions associated with the trauma by exposing the patient to symbols that represent it.
EMMA's World also includes several landscapes surrounding EMMA's room that were chosen for their ability to evoke different emotions, including a green and sunny prairie, a beach, a snowy landscape, and a desert. The VR world also allows the user to alter the time of the day, the weather, and more with the aim of reflecting the emotions that the patient is feeling during the treatment.
In summary, the various symbols (3D objects, sounds, music, colors, images, etc.) and landscapes are designed to reflect the patients' emotions and help them to confront, manage, and process negative experiences in a therapeutic and safe environment. VR environments, and especially EMMA's World, are designed to create a context wherein the patient feels present, augmenting the sensation of being in a protected environment. A more detailed description of EMMA can be found in Botella et al. 14 
Results
We conducted a nonparametric test to evaluate the efficacy of the treatment programs (CBT and CBT þ EMMA). Means and standard deviations of the key measures at pretreatment and posttreatment are found in Table 1 .
Regarding the CBT condition, there was a decrease in the CAPS scores (intensity and frequency) from pretest to posttest. However, a Wilcoxon test showed that these differences were not statistically significant. As for the scores on the DTS, a Wilcoxon test showed significant differences from pretest to posttest both in frequency (Z ¼ 2.032, p < 0.04) and severity (Z ¼ 2.032, p < 0.04). Finally, a decrease in the PTCI from pretest to posttest was also significant (Z ¼ 2.032; p < 0.04).
Regarding the CBT þ EMMA condition, reductions from pretest to posttest in the CAPS scores were significant both in frequency (Z ¼ 2.032 p < 0.04) and intensity (Z ¼ 2.032; p < 0.04). Changes from pretest to posttest in the DTS were also significant: frequency (Z ¼ 2.032 p < 0.04) and severity (Z ¼ 2.032 p < 0.04). We obtained the same results on the scores of the PTCI (Z ¼ 2.032; p < 0.04).
We also conducted Mann-Whitney tests to compare the scores of the various measures between the two treatment conditions at pretest and posttest. We did not obtain any significant differences between the treatment conditions in any assessment period.
Discussion
The results indicate that CBT augmented with EMMA's World was as effective as the gold standard for treatment of PTSD. As for the intensity and frequency of the symptoms measured by the CAPS scores, participants in the EMMA's World condition achieved even better results than those receiving the traditional treatment, although these differences were not significant. Therefore, our findings, although preliminary, are promising regarding the utility of VR for the treatment of PTSD.
In recent years, different VR applications have demonstrated their utility for the treatment of PTSD. However, EMMA's World can be much more flexible than these other virtual systems, which increases its clinical utility. Because the application permits customization of the environments according to the needs and preferences of users, it can be applied to a wide variety of problems. As in this study, it is possible to use EMMA's World with patients who have suffered various traumas (car accidents, mobbing, assaults, domestic violence, etc.).
VR systems for PTSD present similar advantages over VR systems designed for the treatment of other disorders, [24] [25] [26] such as the possibility of an accurate gradation of the exposure tasks, confidentiality, and the possibility of overcoming the difficulty in imagining that some patients present. For example, the significance of the approach of Difede and Hoffman's team [10] [11] is that they are treating patients who did not respond to traditional imaginal exposure. In addition, in the specific case of PTSD, applying VR can overcome some of the limitations of traditional CBT. As for PE, which efficacy data indicate is the treatment of choice for PTSD, 27 it is not used by the clinicans, 5 and it is viewed very cautiously by patients and therapists. VR could help to overcome these reservations. In any case, despite the ''bad press'' that PE can elicit, data indicate that there is no difference in attrition rates among several CBT programs such as PE, cognitive therapy, stress inoculation training, and eye movement desensitization and reprocessing (EMDR) for the treatment of PTSD; this indicates the tolerability of exposure therapy. 28 It is important to stress the effectiveness of exposure therapy; it is one of the great success stories within the field of mental health. 4 It is therefore ethically imperative to offer and disseminate wellestablished treatments such as exposure. Although no difference among different treatments for PTSD was detected in the Hembree et al. study, the average rate of attrition was 20.5% for exposure treatments, 22.1% for cognitive therapy or stress inoculation training, 26.9% for combinations of exposure and other CBT techniques, and 18.9% for EMDR. These high numbers indicate that there is still room for improvement in these treatments. Any effort to decrease these attrition rates will be welcome in the field. It is less urgent to neutralize unrealistic fears of harming patients with PE than it is to make this treatment more accepted and easier to apply.
This study has several limitations, the most significant of which is that the data obtained are very preliminary. In addition, the sample is small, and we were therefore unable to perform parametric tests. Also, although we included a comparison group (CBT), we did not include a control condition such as a waiting list. Finally, we reported only shortterm efficacy data. We need studies with larger samples and longer assessment periods to further test the efficacy of EM-MA's World for the treatment of PTSD.
VR can contribute to improve the clinical utility or axis two; 29 it can help increase the acceptance of exposure therapy and help patients who do not respond to traditional treatment. The preliminary results of the use of VR for treating PTSD are encouraging. 30 It remains to be seen, however, what the appropriate applications of the technology will be, such as whether or not there is a significant advantage to using this technology compared to other strategies and what factors may contribute to its effectiveness.
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